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A pluridisciplinary approach (optical microscopy, SEM, cathodoluminescence, infra-red spectrometry,
electron microprobe (EPMA), synchrotron-based spatially resolved X-ray fluorescence (µ-XRF)) was
applied on carbonate shells of the Callovian-Oxfordian (160 Ma) clayey formation from the ANDRA
(French Radioactive Waste Management Agency) Underground Research Laboratory (Meuse/Haute
Marne, France) at Bure, in the Eastern part of the Paris Basin. The overall aim of this natural analog
investigation was to define the iodine speciation and immobilization mechanisms by carbonates in a natural
carbonate-bearing clayey formation.

This work is a continuation of a previous study aimed at characterization of the different iodine reservoirs
in the same Callovian-Oxfordian clayey formation of Bure (Claret et al., 2009). In this study, sequential
chemical extraction data have shown that ~66 % of the low iodine content of the claystone (1-5 ppm) is
associated with the carbonate fraction and ~33 % with organic matter. EPMA analyses have been
performed on detrital and different generations of diagenetic carbonates observed in thin sections and have
provided evidence of low and heterogeneously distributed iodine contents measured in bioclasts (up to
1300 ppm), but also in less amounts in diagenetic euhedral calcite and dolomite (up to 620 ppm). EPMA
analyses to measure iodine is especially challenging due to spectral interference between calcium K and
iodine L emission lines and to the relatively high detection limits (~ 150 ppm). We therefore applied a
synchrotron micro-focused beam at energies above the I K absorption in the present study.

Two entire and centimeter-sized shells, a bivalve and a brachiopod (Rhynchonella) were separated in a
claystone sample from Gallery level of the URL at Bure. They were cut along two perpendicular directions
to obtain thin polished sections of the bioclast shells. A dry polishing procedure was performed to avoid
any partial dissolution of calcite and done by hand to avoid any heating and volatilization of iodine.
Combined results from optical microscopy, SEM, cathodoluminescence and infra-red spectrometry
performed on both bioclasts showed that the Rhynchonella shell has a well-preserved organic structure and
dominantly consists of biocalcite, whereas the bivalve shell is entirely recrystallized into diagenetic calcite
(indicated by a dark red color in cathodoluminescence), with inclusions of celestite.

EPMA analyses performed along transects in the shell provided evidence of an heterogeneous iodine
distribution in the shell, with 17% of recorded values in the Rhynchonella shell and 32% of values in the
bivalve shell lying above the detection limit. 4 and 8 % of values in Rhynchonella and bivalve shells,
respectively, are above 1000 ppm, i.e. five-fold above the detection limit. It is important to note that for
the same analytical conditions, the impact of the beam was larger and deeper in preserved biocarbonate
than in recrystallized calcite. Principal component analysis (PCA) method applied to the EPMA data did
not give evidence of any correlation between iodine and the other probed elements (Ca, Mg, Fe, Sr, S).
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The µ-XRF experiments were performed at Beamline L of the DORIS III synchrotron ring, which is
operated by the Hamburg Synchrotron Radiation Laboratory HASYLAB at the German Electron
Synchrotron DESY (Hamburg, Germany). An incident beam from a Ni/C multiplayer, with a narrow
wavelength range centered at 0.34 Å, focused using a single bounce elliptical capillary is used for
excitation. Ca (Kα), Fe (Kα), Sr (Kα) and S (Kα) distribution maps were measured using a Si-drift
detector (Vortex, SII Technologies Inc.), whereas iodine (Kα) maps were performed using a Si(Li) detector
(Gresham Scientific Instruments Ltd.) with a 400µm Al-filter. Iodine was measured using its Kα X-ray
emission line to avoid the interference between I-L and Ca-K X-ray lines. Elemental maps were recorded
on polished thin sections at areas previously analysed by EPMA, a 420 µm × 620 µm area of well-
preserved Rhynchonella shell and a 360 µm × 280 µm of recrystallized bivalve shell. The I-Kα map
showed a homogeneous distribution of iodine in the well-preserved Rhynchonella shell. In contrast, a
heterogeneous distribution of iodine was observed in recrystallized calcite. The intensity of the I-Kα X-ray
emission line was generally higher in spectra from well-preserved Rhynchonella shell compared to pixels
exhibiting iodine content in the recrystallized bivalve shell. In the bivalve shell, iodine is absent in celestite
included in recrystallized calcite. The comparison of iodine maps with Ca, Fe, Mn and S maps did not give
evidence of any correlation between the iodine distribution and other major and trace elements of the
carbonate in both shells.

To conclude, this present work
confirms the presence of iodine
in (bio-)carbonate minerals. The
iodine content measured by
EPMA is up to 1200 ppm in the
preserved Rhynchonella shell
and up to 2000 ppm in recrys-
tallized bivalve shell. In con-
trast, the iodine content
measured by synchrotron-based
µ-XRF is higher in the pre-
served shell than in the recrys-
tallized calcite. According to
these µ-XRF data, iodine is
more homogeneously distrib-
uted in biocarbonate than in
recrystallized calcite, suggesting
a loss of iodine when the shell
recrystallized, but not a total
exclusion of iodine from the carbonate. Combined EPMA data and µ-XRF elemental maps do not give evi-
dence of any correlation between iodine and the distribution of other elements. These EPMA and µ-XRF
studies point out the difficulties in measuring iodine in calcium carbonates. The contrast in results of data
obtained by both methods could be due 1) to the different hardness of biocarbonates included in an organic
structure and chemical calcite and 2) to the difference in analytical techniques. At this stage, determination
of the iodine speciation in carbonates remains unresolved. The NEXAFS measurement of iodine remains
difficult because the most intense iodine Lα X-ray emissions lines are masked by calcium X-rays lines.
Measurement at the Kα–edge can avoid spectral interference but remains challenging due to the low iodine
content in the carbonates and its varying distribution, especially in recrystallized calcite.
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Figure 1: Comparative data between preserved Rhynchonella shell and
recrystallized bivalve shell. a) optical photograph; b) back scattered
electron image; c) EPMA data; d) I-Kα distribution map.


